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A Hybrid Approach for Supporting Adaptivity in E-learning Environments 
Purpose 
The purpose of this paper is to identify a framework to support adaptivity in e-learning 
environments. The framework reflects a novel hybrid approach incorporating the concept of 
the ECA model and intelligent agents. Moreover, a system prototype is developed reflecting 
the hybrid approach to supporting adaptivity in any given Learning Management System 
based on learners’ learning styles. 
Design/methodology/approach 
This paper offers a brief review of current frameworks and systems to support adaptivity in e-
learning environments. A framework to support adaptivity is designed and discussed, 
reflecting the hybrid approach in detail. A system prototype is developed incorporating 
different adaptive features based on the Felder-Silverman learning styles model. Finally, the 
prototype is implemented in Moodle. 
Findings 
The system prototype supports real-time adaptivity in any given Learning Management 
System based on learners’ learning styles. It can deal with any type of content provided by 
course designers and instructors in the Learning Management System. Moreover, it can 
support adaptivity at both course and learner levels. 
Originality/value 
To the best of our knowledge, no previous work has been done incorporating the concept of 
the ECA model and intelligent agents as hybrid architecture to support adaptivity in e-
learning environments. The system prototype has wider applicability and can be adapted to 
support different types of adaptivity. 
Keywords 
Learning Management System, Adaptivity, Agent-based System, ECA model, E-learning, 
Learning styles 
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1. Introduction 
The Internet and its services have dramatically changed the process of teaching and learning 
in higher education institutions all over the world. Learning Management Systems (LMSs) 
and Massive Online Open Courses (MOOCs) are widely used in many educational 
institutions, such as universities, for the delivery of distance and blended learning. 
Nevertheless, the applied pedagogical strategies in these systems often do not take into 
consideration the differences between learners, especially their learning styles. The same 
LMS courses are presented to all learners on a “one-size-fits-all” basis. This paper presents a 
novel approach to supporting adaptivity in any given LMS based on learners’ learning styles. 
The idea of providing adaptive content in LMSs has emerged from Intelligent Tutoring 
Systems (ITSs) and Adaptive Hyper Media Systems (AHMSs) in which adaptive presentation 
and navigation are provided (Phobun and Vicheanpanya, 2010). These systems are normally 
used in computer-based instruction (ibid). There are a considerable number of adaptive 
learning systems incorporating learning styles such as Arthur (Gilbert and Han, 1999), 
iWeaver (Wolf, 2003), INSPIRE (Papanikolaou et al., 2003), CS383 (Carver et al., 1999), 
IDEAL (Shang et al., 2001), and AHA! (Bra et al., 2003). Adaptivity is fully incorporated in 
most of these systems via the provision of the aforementioned adaptive presentation and 
navigation. However, these systems lack integration and interoperability. Indeed, according 
to Brusilovsky (2004), they provide limited functionalities and tools in web educational 
environments. Currently, these systems are rarely implemented in educational institutions. 
In contrast, LMSs such as Moodle,
1
 Blackboard,
2
 and Sakai
3
 are widely used and 
implemented in many educational institutions worldwide (Pitigala Liyanage et al., 2013). 
Most of the current LMSs do not support adaptivity: learners’ differences such as preferred 
learning styles were not considered when these systems were designed. E-learning 
effectiveness can be achieved in LMSs when learners’ needs are considered (Xu et al., 2014). 
Therefore, the motivation behind this paper is primarily to extend the capabilities of LMSs to 
support adaptivity based on learning styles. In this paper, we show how adaptivity can be 
achieved in any LMS using a hybrid approach of agent technology and the concept of the 
Event-Condition-Action (ECA) model. 
                                                
1
 https://moodle.org/ 
2
 http://blackboard.com 
3 https://www.sakaiproject.org/ 
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The rest of our paper has been divided as follows: Section 2 provides a brief review of related 
work and introduces the technologies used in the proposed hybrid approach. Section 3 
presents a detailed design of our framework reflecting the hybrid approach, and identifies the 
adaptation features incorporated within it. A prototype is developed and presented to show 
the applicability of our approach. The last section concludes the paper and states our future 
work. 
2. Literature Review 
In this part, we provide a brief review of adaptivity in learning systems incorporating learning 
styles, and we introduce the technologies used in our proposed approach.  
2.1. Learning styles 
There are several learning styles models in existence, which are used by many researchers. 
Among them, we can mention those developed by Honey and Mumford (1992), Kolb (1984), 
Dunn and Dunn (Dunn and Griggs, 2003), and Felder-Silverman (Felder and Silverman, 
1988). However, the Felder-Silverman Learning Style Model (FSLSM) is one of the most 
popular models. A study by Al-Azawei and Badii (2014) shows that this model is one of the 
most dominant and popular learning style models in the literature. This is due to the validity 
and reliability of its Index of Learning Styles (ILS) (Kolb, 2005; Litzinger et al., 2007; 
Riding, 1991; Viola et al., 2006). In addition to the suitability and feasibility of this model for 
technology enhanced learning (Cha et al., 2006; Graf, 2007; Huang et al., 2012; Yang et al., 
2013), it is also more consistent with learners’ preferences (Villaverde et al., 2006). Thus, the 
adaptation process proposed in this paper is based on the FSLSM. 
2.2. Agent Technology and the ECA Model 
Recently, there has been an increased interest in implementing agents in the context of e-
learning systems for supporting adaptivity (Bokhari and Ahmad, 2014; Zhang et al., 2010). 
There exist several proposed frameworks and systems that incorporate agent technology in 
order to support adaptivity in e-learning environments. It is impossible to mention all of 
them, but the work presented in Chang and Chen (2012), Morales-Rodríguez et al. (2012), 
and Pitigala Liyanage et al. (2013) are worth highlighting. To the best of our knowledge, no 
work has been done incorporating the concept of the ECA model and agents as a hybrid 
approach to support adaptivity in e-learning environments. 
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The ECA model is widely used in Active Database Management Systems and Workflow 
Management Systems (Zhi-xue et al., 2012). It comprises three components: event, condition 
and action (Poulovassilis et al., 2006). Databases are the main repository of the majority of 
current LMSs. Online activities, such as accessing the system, submitting assignments and 
accessing courses’ content can be seen as events stored in the database of the LMS. Since 
LMSs take the form of databases where all logs and data about learners and their activities 
are stored and archived, the ECA model can play a significant role in sensing events in the e-
learning environment. Indeed, this can be achieved by using database triggers based on pre-
defined pedagogical rules, which can be updated by teachers in the light of new requirements. 
To achieve our objectives, a proposed framework is designed incorporating agent technology 
and the concept of the ECA model. Furthermore, using Moodle as the LMS platform, a 
prototype is developed to reflect the design of the proposed framework and to show how 
adaptivity is achieved. 
3. The Proposed Framework 
The proposed framework has been previously introduced in Al-Omari et al. (2015). In this 
paper, the proposed framework, shown in Figure 1, is discussed in more detail to show how it 
supports adaptivity based on learners’ learning styles in e-learning environments. Each 
component is discussed in order to identify its role in the whole design. 
 
Figure 1: The proposed framework (Al-Omari et al., 2015) 
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3.1. Virtual Learning Environment and an Adaptive Course Structure 
Moodle has been chosen to implement the proposed approach. Moodle is probably the most 
popular and used platform for LMSs, with over 53,346 sites providing it for over 70 million 
users across 222 countries (Moodle, 2016). The ILS questionnaire based on the FSLSM 
(Felder and Soloman, 2005) is implemented in Moodle and designed as a feedback learning 
activity, as Figure 2 shows. The ILS questionnaire consists of 11 questions for each of the 
four categories of the FSLSM (a 44-item questionnaire).  
 
Figure 2: Learning styles questionnaire in Moodle 
Courses can be designed with different structures in the LMS depending on the course 
designers and instructors. However, the course design is based on a specific course structure 
in the LMS; each course is divided into chapters or sections in which learning resources (e.g. 
document files, links, videos, etc.) and learning activities (e.g. quizzes, forums, exercises, 
etc.) are included. Thus, a generic model of an adaptive course structure is shown in Figure 3. 
 
Figure 3: A generic model of an adaptive course structure 
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The structure of an adaptive course is designed so that each course consists of sections in 
which each section reflects a specific chapter. Moreover, the first section in each course is 
considered as a non-adaptive section where teachers can add any contents that are considered 
to be required for all learners. For example, teachers can add announcements, online exams, 
etc. The adaptive sections deal with the actual adaptive contents which are dedicated to each 
learner.  
3.2. Adaptive Features 
Adaptivity based on learning styles can take the form of adaptive presentation and navigation 
as the literature suggests. Thus, three main features are integrated in the proposed approach in 
order to support adaptive presentation and navigation, namely, the type, the number, and the 
order of the course contents that are recommended to each learner. These adaptive features 
must comply with each learning style in the FSLSM. It is very important to mention at this 
level that the primary focus is a system that is able to present different materials according to 
learning styles. The exact nature of the materials is beyond the scope of this study. Therefore, 
that part could be offered as future work for researchers interested in pedagogy. The adaptive 
features are based on Felder and Soloman’s (2005) recommendations and discussed 
according to the four categories of the FSLSM. 
• Active/Reflective 
According to Felder and Soloman (2005), working within groups can support active learners 
in the learning process. They tend to discuss, apply and explain things to others. Moreover, 
they prefer to learn by actively experimenting. Thus, learning activities such as exercises, 
quizzes, and discussion forums can help them in the learning process by solving problems 
and interacting with other learners in the discussion forums. The number of these activities is 
increased for this type of learner. These learning activities are shown before the learning 
resources. Since examples can be considered as work accomplished by others, active learners 
are likely to be uninterested in examples. Thus, the number of examples is reduced for this 
type of learners. On the other hand, reflective learners are less active in terms of behaviour 
than active learners. They tend to learn by thinking about the learning material thoroughly 
and working individually. Therefore, the number of learning activities such as exercises and 
forums is reduced. Since reflective learners prefer to reflect on the learning material at the 
beginning of the learning process, exercises and examples are shown after the learning 
resources. 
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• Sensing/Intuitive 
Sensing learners prefer to learn from facts that have apparent connections to the real world. 
Furthermore, they prefer practical work that can reflect the theoretical part of the subject. 
They like problem-solving activities as well. From this point of view, learning activities such 
as examples, exercises, and quizzes can support these learners during the learning process. 
Furthermore, the number of these learning activities is increased for this type of learner. It is 
recommended that examples are shown before the learning resources whereas exercises and 
quizzes are shown after. In contrast, intuitive learners prefer challenging work that tests their 
knowledge. Thus, it is recommended to increase the number of quizzes and show them before 
the learning resources. As intuitive learners dislike repetition, it is recommended to decrease 
the number of examples and show them after the learning resources. 
• Visual/Verbal 
Visual learners prefer visual contents in order to better understand a particular topic. It is 
recommended that the contents include several images, figures, charts and videos. Visual 
learners memorise better when they see objects and as a result can enhance their learning 
process. Therefore, learning resources which include visual contents are presented to these 
learners. Conversely, verbal learners prefer textual contents in addition to auditory contents. 
Visual contents can probably be distracting and confusing for this type of learner. Therefore, 
these learners are provided with textual contents that suit their preference. In addition, 
recorded lectures are probably beneficial for this type of learner. 
• Sequential/Global 
Sequential learners prefer to learn in a sequential manner, focusing on details and connections 
between learning topics. It is recommended that learning activities such as exercises and 
quizzes are presented after or between the learning resources for this type of learner. In 
contrast, global learners prefer to learn randomly without considering connections between 
subjects. Therefore, it is recommended to provide this type of learner with outlines before the 
learning resources in order to help them get the big picture of the learning material. 
Moreover, exercises and quizzes are recommended to be shown after the material so that 
these learners can have better knowledge after completing the learning material. 
It is very important to mention that the adaptive features mentioned above are considered as 
‘recommendations’ not ‘prescriptions’ for presenting the contents of an adaptive course in the 
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proposed approach. Learners can see the non-adaptive course at any time. The adaptive 
features are based on a proposed concept of an adaptive course in which suitable learning 
activities and resources are presented to each learner. It is crucial that course designers and 
teachers be involved in the process of designing such adaptive courses. They are required to 
select the suitable learning activities and resources that can support each learner based on 
his/her learning styles. In order to facilitate this process, the teachers and course designers are 
provided with a Graphical User Interface (GUI) based on drag and drop facilities. 
3.3. The ECA Module 
All the activities that are performed by the learners are stored in the database of the LMS. As 
mentioned before, these activities can be seen as events occurring in the database. From this 
point of view, the completion of the learning style questionnaire is also considered an event 
occurring in the LMS, which is involved in the adaptation process. The ECA module in the 
proposed framework is considered as the sensing component which provides the multi-agent 
module with the required data about LMS events in a timely manner. These data are vital for 
the adaptation process in order to provide learners with adaptive contents and build learners’ 
models. The ECA module is implemented as a series of database triggers in the database of 
Moodle. The database triggers can include conditions which should be evaluated before 
actions are performed. Each component of the ECA module operates as follows:  
• The Observation Unit (OU) 
The Observation Unit deals with the required locations (tables) that should be explicitly 
monitored. This is done to extract the required data which are essential for the adaptation 
process. The adaptation process in the proposed framework depends primarily on the 
following events: the new course enrolments, the completion of the learning style 
questionnaire and the completion of a self-assessment quiz. Therefore, the corresponding 
database tables are observed and monitored. This component is considered as a 
complementary part of the ERU in which events are recognised. 
• The Events Recognition Unit (ERU) 
This unit is responsible for detecting any changes that may occur to the tables identified in 
the OU process. The recognition process in the ERU can be based on any type of transaction 
in these tables such as INSERT, UPDATE and DELETE. However, in the proposed 
approach, INSERT transactions in specific tables can be seen as events in which the type of 
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these events can be identified. For example, if a learner is enrolled in a particular course in 
the LMS, a record will be inserted in the table of enrolments. The new record indicates that a 
new learner has been enrolled in that course. 
The ERU should differentiate between the feedback activity relevant to the learning styles 
and other feedback activities in the same course. In addition, the ERU should deal with 
different types of quiz and differentiate between them, especially the quizzes that are 
designed to provide feedback by email to the learners about their score. 
From this point of view, the Rules Evaluation Unit (REU) (discussed in the following point) 
can play a major role in evaluating the conditions (rules) that are relevant to the 
aforementioned activities and crucial for the adaptation process. Course designers and 
teachers can identify pedagogical rules to control the adaptation process. 
• The Rules Evaluation Unit (REU) 
The REU is one of the most important parts in the ECA module. It performs the process of 
evaluating the pre-defined rules and conditions that can control the enforcement of the 
database triggers; the conditions and rules which are retrieved from the ‘Shared’ database are 
evaluated by the REU. However, if the conditions are satisfied, the required data about the 
events will be migrated to the “Shared” database, as Figure 1 shows. The activity diagram of 
the learning styles and self-assessment capturing process is depicted in Figure 4. 
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Figure 4: The activity diagram of the learning styles capturing process 
 
3.4. The Shared Database Schema Design 
The required events and associated data which meet the pre-defined pedagogical rules 
(discussed in Section 3.3) are stored in the “Shared” database using TCP/IP communication 
protocol. It is named “Shared” since it is shared between the ECA and the multi-agent 
modules, and the LMS. This process is considered to be the action part in the ECA module. 
The “Shared” database is a normalised relational database that consists of the required 
database tables for the proposed adaptation process. The schema design of this database is 
shown in Figure 5. 
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Figure 5: The Shared Database Schema Design 
3.5. The Multi-agent Module 
The multi-agent module is designed following the Gaia methodology (Wooldridge et al., 
2000), which is a popular methodology for the analysis and design of agent-based systems. 
The multi-agent module consists of several agents, namely, the Control Agent (CA), the 
Learner Profile Agent (LPA), the Adaptive Agent (AA) and the Course Structure Agent 
(CSA). These agents work together to provide learners with adaptive contents based on their 
learning styles. The contents are presented using the Adaptive Interface Agent (AIA). The 
agents in the multi-agent module operate as follows: 
• The Control Agent 
The Control Agent is the first agent in the multi-agent module. It is responsible for detecting 
the relevant events in the learning styles questionnaire in the “Shared” database. Therefore, 
the CA is considered to be the backbone of the multi-agent module, and it controls the other 
agents in the system. It receives the required data about the events which are relevant to the 
learning styles questionnaire. These data are provided by the ECA module after fulfilling the 
pre-defined pedagogical rules. The CA informs the Learner Agent about these events and 
passes the corresponding data (ex. learner ID, course ID, event ID, and etc.) to the LA. The 
role model of the CA is summarised in Table 1. 
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• The Learner Agent 
The Learner Agent is responsible for collecting the required information about learners and 
their responses to the learning styles questionnaire. This process is based on the data sent by 
the CA. Furthermore, the LA has the role of classifying learners based on their preferred 
lear ing styles. It calculates the strength of the learning styles in the four dimension scale of 
the FSLSM. The learners are classified based on their preferences as Strong, Moderate, and 
Balanced in favour of a particular learning style in each of the four dimensions of the 
FSLSM. 
The LA stores the data of the classification process in the ‘Shared’ database and provides the 
Adaptive Agent with the learning styles results of the learners. The role model of the LA is 
summarised in Table 2. 
• The Adaptive Agent 
The Adaptive Agent is responsible for the matching process between the content and 
learners’ learning styles based on the classification results. Based on these results, the AA can 
match the course contents with the learners’ learning styles. The matching process is based 
on the proposed adaptive features which have been discussed previously in this paper. 
Furthermore, the AA communicates with the Course Structure Agent to request the course 
contents that meet the learning styles’ needs. Consequently, the CSA provides the AA with 
the contents appropriate to the learner’s learning styles. Once these contents are received, the 
AA applies the adaptive features to these contents and stores the adaptive contents for each 
learner into the ‘Shared’ database. This process is based on the proposed adaptive features 
taking into consideration the weights of the learning style strengths; the weights for Strong, 
Moderate and Balanced are (3), (2) and (1) respectively. These weights are considered in the 
adaptation process in order to decide the number of learning resources and activities and deal 
with any conflicts between learning styles. 
The AA is responsible for ordering the contents for the learners based on any criteria which 
can be identified by the course designers and teachers. The ordering process is designed to be 
a dynamic process in which the AA can follow any ordering criteria. The role model of AA is 
summarised in Table 3. 
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• The Course Structure Agent  
The Course Structure Agent deals with the structure of the course in the LMS. It collects the 
learning resources and activities that can support and affect the learning styles of the learners. 
This information is crucial for the AA in order to complete the adaptation process. The role 
model of the CSA is summarised in Table 4. 
Each agent in the multi-agent module is instantiated once and has as many instances as the 
number of the events received. The agent model of the multi-agent module is depicted in 
Figure 6. 
 
Figure 6: The agent model of the multi-agent module 
The service model in Gaia aims to identify the services which are relevant to each agent role 
along with their properties. The properties of these services can be identified in terms of 
inputs, outputs, pre-conditions and post-conditions. The inputs and outputs properties can be 
derived from the activities and protocols which have already been identified in the role 
model. On the other hand, the pre-conditions and post-conditions can be identified from the 
safety property of the role. The main services in the multi-agent module are summarized in 
Table 5. 
The multi-agent module has four agents which communicate with each other in order to 
provide learners with adaptive contents based on their preferred learning styles. The 
acquaintance model of the multi-agent module is shown in Figure 7. 
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Figure 7: The acquaintance model of the multi-agent module 
The multi-agent module is developed using JADE (Bellifemine et al., 2007). The agents work 
together in order to provide learners with adaptive contents in the LMS. This process is 
supported by the ECA module which is responsible for providing the multi-agent module 
with the required events in a timely manner. Figure 8 shows our system prototype of the 
multi-agent module in JADE. 
 
Figure 8: The multi-agent module in JADE 
Once the learner submits the questionnaire in the LMS, the agents cooperate in a timely 
manner and provide the learner with adaptive contents that suit his/her learning styles via the 
adaptive interface agent, which follows Moodle interface standards. The interaction between 
the agents when a learner completes the learning styles questionnaire is shown in Figure 9. 
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Figure 9: The interaction of agents in JADE 
The final objective of this interaction is to provide the learner with adaptive contents based 
on the results of the learning styles questionnaire. Figure 10 shows an example of an adaptive 
course for a particular learner. The adaptive features include the type, number, and order of 
learning activities and resources. These features can be easily modified by teachers and 
course designers via the GUI. The proposed approach can deal with any type of contents that 
can be presented in the LMS. Besides this, it supports adaptivity in a timely manner at the 
course level. 
 
Figure 10: Adaptive course for a particular learner 
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3.6. Discussion 
In the previous sections, we discussed our framework in detail, highlighting a novel hybrid 
approach using agent technology and the concept of the ECA model. We also presented a 
system prototype that reflects the design of the framework. We claim that the proposed 
framework can be applied in any LMS to support adaptivity based on learning styles. 
Moreover, it provides real-time adaptivity using the technologies introduced earlier in this 
paper. It can deal with any type of material that can be presented in the LMS, providing a 
dynamic, adaptive experience that can be controlled based on pre-defined criteria. As stated 
earlier in this paper, no work has been published incorporating the technologies mentioned in 
this paper. We proposed a novel hybrid approach to support real-time adaptivity in LMSs in 
order to enhance and improve the learning process in these systems.   
The work presented in this paper suggests that adaptivity can be technically achieved using 
agent technology and the concept of the ECA model in the context of e-learning. This could 
point towards further research on using agent technology in the context of e-learning. For 
example, the proposed framework can be adapted to support other adaptive experiences, 
based on learners’ knowledge level and disabilities, for instance. 
4. Conclusion and Future Work 
Learning Management Systems are vital for successful adoption of distance and blended 
learning. Most of these systems take a one-size-fits-all approach. In this paper, a proposed 
framework reflecting a hybrid approach is designed to support adaptivity in any given 
Learning Management System. A system prototype is developed using the concept of the 
ECA model and intelligent agents to support adaptivity based on learning styles. This paper 
presents the design and prototype of the proposed approach. The prototype is validated in 
Moodle. It shows that the proposed hybrid approach is technically feasible. We believe that 
our approach can be implemented in any e-learning environment, including MOOCs. It 
depends on implementing the required database triggers in the database of the LMS. 
Moreover, the proposed approach supports adaptivity in a timely manner and could 
incorporate a dynamic adaptive process. In future, we intend to evaluate our approach as a 
case study in Moodle following different live scenarios. 
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Table 1: The role model of the CA 
Role: ControlAgent (CA) 
Description: This agent is responsible for receiving the required data which are 
relevant to the learning styles questionnaire events such as the learner ID, 
course ID and event ID. It informs the Learner Agent that these events 
have been detected and provides the LA with the data associated with 
these events. 
Protocols & 
Activities: 
DetectEvent,InformLearnerAgent,SendEventData 
Permissions: Reads events data 
Responsibilities: 
        
 
Liveness: CONTROLAGENT = 
(DetectEvent.InformLearnerAgent.SendEventData) ω* 
Safety: Database triggers are activated in the LMS. 
             The Shared database is accessible and running 
*Cyclic behaviour 
 
Table 2: The role model of the LA 
Role: LearnerAgent (LA) 
Description: This agent is responsible for classifying learners based on their preferred 
learning styles. It collects the required information about learners and 
their responses to the learning styles questionnaire based on the data sent 
by the CA. It provides the Adaptive Agent with the results of the 
classification and stores these results in the Shared database. 
Protocols & 
Activities: 
ReceiveInformMessage,GetLearnerInfo,CalculateLearningStyles, 
ClassifyLearners,StoreClassResults,SendResults 
Permissions: Reads from the Shared database 
Writes to the Shared database 
Responsibilities: 
        
 
Liveness: LEARNERAGENT = 
(ReceiveInformMessage.GetLearnerInfo.                             
CalculateLearningStyles.ClassifyLearners.StoreClassResults.SendResult
s) ω 
 
Safety: The Shared database is accessible and running. 
 
 
Table 3: The role model of AA 
Role: AdaptiveAgent (AA) 
Description: This agent is responsible for the matching process between the conte t 
and learners’ learning styles based on the classification results. Also, it 
has the role of ordering the content which are received from the CA and 
deciding the number of content to be shown for each learner. It applies 
the proposed adaptive features of the system. After the adaptation process 
is completed, the AA stores the adaptive content for each learner in the 
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Shared database and confirms whether the mission is completed 
successfully or not. 
Protocols & 
Activities: 
ReceiveClassResults,RequestCourseContent,MatchLSContents, 
CalculateNoActivites,ContentsOrdering,CheckOrderingExceptions, 
StoreAdaptiveContents,SendConfirmation 
Permissions: Reads from the Shared database 
Writes to the Shared database 
Responsibilities: 
        
 
Liveness: ADAPTIVEAGENT = (ReceiveClassResults. 
RequestCourseContent.MatchLSContents.CalculateNoActivites. 
ContentsOrdering.CheckOrderingExceptions.StoreAdaptiveContents. 
SendConfirmation) ω 
 
Safety: The Shared database is accessible and running. 
 
 
Table 4: The role model of the CSA 
Role: CourseStructureAgent (CSA) 
Description: This agent is responsible for providing the AA with the course structure 
including the learning resources and activities that can support and affect 
the learning styles of the learners. 
Protocols & 
Activities: 
ReceiveClassResults,SendReceiveConfirmation,GetCourseContents, 
SendContents,ReceiveConfirmation 
Permissions: Reads from the Shared database 
 
Responsibilities: 
        
 
Liveness: COURSESTRUCTUREAGENT = (ReceiveClassResults. 
SendReceiveConfirmation.GetCourseContents.SendContents. 
ReceiveConfirmation) ω 
 
Safety: The Shared database is accessible and running. 
 
Table 5: The main services in the multi-agent module 
Service Detect learning styles questionnaire event. 
Inputs Text file 
Outputs Data about the event (ex. Event ID, learner ID  and course ID) 
Pre-condition The multi-agent module is instantiated and running, and the ECA 
module is activated in the LMS. The learner submits the learning 
styles questionnaire. 
Post-condition - 
Service Obtain learning styles questionnaire responses 
Inputs Data about the event (ex. Event ID, learner ID  and course ID) 
Outputs Learning styles results by classifying the learner based on his/her 
preferred learning styles 
Pre-condition The multi-agent module is instantiated and running. 
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Post-condition The Shared database is accessible using a communication protocol. 
Service Obtain course content 
Inputs Course ID and the preferred learning styles 
Outputs The course structure that meets the learning styles preference 
Pre-condition The multi-agent module is instantiated and running. 
Post-condition The Shared database is accessible using a communication protocol. 
Service Adapt content 
Inputs Learning styles results, course structure and content 
Outputs Adaptive content based on learner’s preferred learning styles 
incorporating the proposed adaptive features 
Pre-condition The multi-agent module is instantiated and running. 
Post-condition The Shared database is accessible using a communication protocol. 
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